Abstract.-Transfer RNA fractions from Saccharomyces lactis and Saccharomyces cerevisiae have been tested for cytokinin activity in the tobacco bioassay. Cysteine tRNA has been identified as a cytokinin-containing tRNA species in S. cerevisiae. Acid hydrolysates of S. lactis tRNA fractions (containing arginine tryptophan, and valine acceptor activities) and S. cerevisiae tRNA fractions (containing alanine, asparagine, aspartic acid, glutamic acid, glycine, histidine, tryptophan, and valine acceptor activities) were inactive in the tobacco bioassay. Cytokinins have been found only in those tRNA species corresponding to codons beginning with U.
Introduction.-Transfer RNA (tRNA) ' preparations from various sources have been shown to contain cytokinins,2-2 but the distribution of cytokinins with respect to individual tRNA species has not been examined in detail. The riboside of the highly active cytokinin, 6-(3-methyl-2-butenylamino)purine [6-(A2-isopentenyl)adenine, 2iPJ, has been identified as a constituent of serine tRNA species from yeast", 14 and rat liver' and is apparently also present in bakers' yeast tyrosine tRNA16' 17 and torula yeast tyrosine tRNA.'8 A derivative of 2iP, 6-(3-methyl-2-butenylamino)-2-methylthiopurine (ms2iP) ,9 occurs in tyrosine tRNA of Escherichia coli. 20 In each of these cases, the cytokinin occurs only once in the polynucleotide and is located adjacent to the anticodon.
In the work reported here, the distribution of cytokinin activity in yeast tRNA fractions has been examined by use of the tobacco bioassay.4 This technique has enabled us to follow the fractionation of cytokinin-containing tRNA species, and a new such species has been identified as cysteine tRNA. A number of other tRNA species have been shown to be inactive in the tobacco bioassay. Materials Results.-Fractionation of tRNA from S. lactis on a column of DEAE-cellulose is shown in Figure 1 . As expected, fractions containing serine and tyrosine tRNA were highly active in the tobacco biosssay. Cytokinin activity was enriched about threefold relative to unfractionated S. lactis tRNA. Early fractions which contained nearly all the tryptophan, valine, and arginine acceptor activities were inactive in the tobacco bioassay. As all fractions were tested at RNA concentrations more than five times that required to detect activity in unfractionated tRNA, it is unlikely that these tRNA species contained 2iP or any cytokinin of equivalent activity and stability.
Elution profiles of S. cerevisiae tRNA fractionated on a BD-cellulose column are shown in Figure 2 . Complete amino acid acceptor data for this column have been published (Fig. 4 of ref. 22 ). Approximately 60 per cent of the A260 units recovered from the column eluted before the cytokinin activity. Aspartic acid, valine, tryptophan, and all but small amounts of glycine and alanine acceptor activities eluted in the early fractions that were inactive in the tobacco bioassay. Most of the histidine acceptor activity also preceded the cytokinin activity, although there was some tailing into cytokinin-active fractions. Serine, tyrosine, phenylalanine, and cysteine acceptor activities were restricted to the region of cytokinin activity. The remaining acceptor activities gave complex elution profiles with peaks in both cytokinin-active and -inactive fractions.
The cytokinin activity of tRNA in fraction G (pooled tubes 206-270, Fig. 2 ) was roughly equivalent to that of a sample of unfractionated S. lactis tRNA. Tyrosine acceptor activity was not detected in this fraction, nor was the serine tRNA content (about 1% of the total acceptor activity of the fraction) sufficient to account for the cytokinin activity. These results indicated the presence of another cytokinin-containing tRNA species.
The tRNA composition of fraction G was estimated to be (in per cent): arginine, 30; glutamic acid, 22; cysteine, 15; lysine, 9; and asparagine, S; there were also traces of a number of other tRNA species. It may be seen in Figure 2 that although three peaks of arginine acceptor activity were observed, -Fractionation of tRNA from Saccharomyces lactis on a column of DEAE-cellulose (expts. K4 and K-9, July-Sept. 1966). Crude S. lactis tRNA (580,000 A260 units) was fractionated on a DEAE-cellulose column (10.6 X 130 cm). The column was equilibrated with 0.02 M Tris-HCl buffer (pH 7.5) containing 0.43 M NaCl and 1 M urea. The tRNA was eluted with a linear gradient of urea (1-5 M) over a total volume of 80 liters. The Tris buffer was maintained at the same concentration throughout the gradient, but a slight salt gradient (0.42-0.48 M) was added to the urea gradient after ca. 50 liters of eluent had been collected. At the end of the gradient, the column was washed with 20 liters of 0.02 M Tris (pH 7.5) containing 1 M NaCl and 7 M urea. The flow rate was 420 ml per fraction per 30 min. Transfer RNA' was recovered from the column fractions by ethanol precipitation and tested in the tobacco bioassay. the large second peak (arginine tRNA2) accounted for nearly all the arginine acceptor activity in fraction G. A sample of arginine tRNA2 was prepared in highly purified form by the phenoxyacetylation procedure. Hydrolysates of this preparation were inactive in the tobacco bioassay (Table 1) . Therefore, arginine tRNA was not the source of cytokinin in fraction G. As shown above, arginine tRNA from S. lactis was also inactive.
To identify the cytokinin-containing tRNA species in fraction G, a sample was rechromatographed on a BD-cellulose column (Fig. 3) . The cytokinin activities of tRNA fractions from this column are shown in Table 1 . Arginine, asparagine, and glutamic acid acceptor activities eluted prior to the cytokinin activity. This result confirms the finding that arginine tRNA2 is inactive and, together with the bioassay data from the original BD-cellulose fractionation, indicates that none of the asparagine and glutamic acid tRNA species from S. cerevisiae contains a cytokinin.
Most of the cytokinin activity eluted in fraction V. This fraction was enriched in cytokinin activity more than fivefold relative to the control sample of unfractionated S. lactis tRNA (Table 1) and contained almost all the cysteine acceptor activity. Furthermore, preliminary estimates of the content of cysteine acceptor activity suggested that this fraction contained highly purified cysteine tRNA.
The ease with which cysteine undergoes oxidation has complicated assays of cysteine acceptor activity. In one series of determinations on tRNA recovered from fraction V, values for cysteine acceptor activity ranged from 1.36 to 1.55 Discussion.-Measurements of cytokinin activity reported here depend on biological activity in the tobacco assay. It should be noted that cytokinins considerably less active than 2iP or less stable to acid hydrolysis might have escaped detection by the procedures used. Moreover, secondary substituents or modifications in the cytokinin molecule can drastically reduce or abolish biological activity. Examples of this kind are substitution in the 1-position and N6-1-cyclization in 2iP.27 T 28 The 2-methylthio group in ms2iP makes it significantly less active than 2iP in the tobacco bioassay, but the presence of ms2iPA instead of 2iPA in a mutant E. coli tyrosine tRNA increases ribosome binding in response to UAG, a nonsense codon suppressed by this codon.Y tion at room temperature was with the indicated gradient of sodium chloride containing GLU the same buffers. The total volume of eluentwas 1.1 liters, and the flow rate was 40 All yeast tRNA species that have been shown to contain a cytokinin (serine, tyrosine, and cysteine tRNA's) translate codons beginning with U. (Although the codons assigned to serine include AGPy, the two yeast serine tRNA species known to contain 2iP both correspond to UCPy codons. ' 3) The other members of the codon group with the initial letter U are tryptophan, phenylalanine, and leucine. Tryptophan acceptor activity eluted earlier than cytokinin activity in column fractionations of both S. cerevisiae and S. lactis tRNA. Yeast phenylalanine tRNA is known to contain an unusual base (Y) adjacent to the anticodon. 30' 31 Although acid hydrolysates of a 65 per cent pure preparation of phenylalanine tRNA from S. lactis were found to be inactive in the tobacco bioassay,4 a recent report by Zachau32 shows that Y is degraded by acid hydrolysis conditions even milder than those of our experiments. Hence, there is still a question whether this base may possess cytokinin activity. The status of leucine tRNA in yeast is not yet clear. Codons for leucine include CUPy and CUPu as well as UUPu. At least some of the leucine tRNA species from S. cerevisiae are inactive, but the coding properties of these species are not yet known. One peak of leucine acceptor activity was found in the region of cytokinin activity, but the leucine tRNA from this peak was not isolated in sufficient purity to be critically tested for cytokinin activity.
Yeast tRNA species corresponding to codons beginning with G (alanine, aspartate, glutamate, glycine, and valine tRNA's) do not appear to contain cytokinins. In fractionations of S. cerevisiae tRNA, all these species were re- DEAE-cellulose, diethylaminoethyl-cellulose; BD-cellulose, benzoylated DEAE-cellulose.
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